Apoptotic neutrophils and nitric oxide regulate cytokine production by IFN-γ-stimulated macrophages.
Early apoptotic neutrophils but not secondary necrotic ones down-regulate LPS-induced proinflammatory cytokine production of macrophages, thereby contributing to the resolution of inflammation. IFN-γ is also a well-known stimulant of macrophages, but how the apoptotic neutrophils affect IFN-γ-stimulated macrophages remains largely unexplored. Since IFN-γ induces the expression of inducible nitric oxide (NO) synthase, we examined the production of NO and various cytokines, including MIP-2, TNF-α, IL-12p40, IL-6, IL-10, and TGF-β, by IFN-γ-stimulated murine macrophages, the effect of coculturing the macrophages with early apoptotic or secondary necrotic neutrophils, and the regulatory role of NO in such cocultures. IFN-γ induced significant production of NO, IL-12p40, and IL-6 by macrophages, but not other cytokines. Early apoptotic neutrophils but not secondary necrotic ones promoted NO production, whereas secondary necrotic ones and their supernatants promoted TNF-α production. In contrast, both early apoptotic and secondary necrotic neutrophils suppressed IL-12p40 and IL-6 production. Furthermore, macrophages from inducible NO synthase-deficient mice produced significantly higher levels of MIP-2 than those from wild-type mice. Consistent with this, treatment of macrophages with l-NAME, an NO synthase inhibitor, also induced the production of a large amount of MIP-2. In conclusion, this study suggests that early apoptotic neutrophils are critical in the resolution of inflammation, but that secondary necrotic neutrophils may not cause an inflammatory response. Apoptotic neutrophils, however, appear not to modulate cytokine production via NO.